ABSTRACT. The aim of this study was to characterize variations in Raf kinase inhibitor protein (RKIP) expression and related signaling molecules in gastric cardia adenocarcinoma. Cancerous and precancerous tissues were collected from patients with gastric cardia adenocarcinoma and normal tissue was collected from healthy controls. RKIP expression was detected in these tissues and the serum levels of NF-κB p65 and T-lymphocyte subsets were measured. Positive RKIP expression was higher in gastric cardia adenocarcinoma tissues than in precancerous tissues. The serum level of total NF-κB p65 was higher in patients with gastric cardia adenocarcinoma than in healthy controls. Levels of NF-κB p65 did not correlate with positive and negative expression of RKIP, but were higher in patients with lymph node metastasis than in those without it. The cellular immune function of the gastric cardia adenocarcinoma group was lower than in normal controls, particularly in cases with negative RKIP expression. RKIP is downregulated in gastric cardia adenocarcinoma tissues, which is related to the occurrence, progression, invasion, and metastasis of tumors. The possible mechanism for this may be the inhibition of NF-κB activity and cellular immune function, which allows for the escape of tumor cells from immune surveillance.
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INTRODUCTION
The diagnosis of gastric cardia adenocarcinoma has improved because of the progress in endoscopic and pathological diagnosis techniques. Tumor occurrence is mostly related to dysregulation of signal transduction pathways. Raf kinase inhibitor protein (RKIP) is a tumor suppressor and is considered the endogenous inhibitor of the ras-mitogen-activated protein kinase (RAS-MAPK) signaling pathway (Al-Mulla et al., 2008; Li et al., 2008; Wang and Wang, 2008) . RKIP plays an important role in tumor immunity by regulating NF-κB-mediated functions (Yeung et al., 2001) . We detected expression of RKIP and serum levels of NF-κB p65 protein and T-lymphocyte subsets for 160 cases of gastric cardia adenocarcinoma. Our results have further clarified the molecularrole of RKIP in the occurrence and progression of gastric cardia adenocarcinoma.
MATERIAL AND METHODS

Patient samples and clinical data
A total of 160 gastric cardia adenocarcinoma patients receiving surgical treatment at the Affiliated Hospital of Hebei Hospital of Engineering were recruited, including 112 males and 48 females aged 37 to 83 (average 61.8 ± 8.7 years old; 66 cases ≤ 60 years and 94 cases ≥ 60 years). Primary tumors and precancerous tissues 5 cm away from the tumor were collected and confirmed to have no tumor cell infiltration by hematoxylin and eosin (H&E) staining. The specimens were preserved in liquid nitrogen and fixed in 10% neutral buffered formaldehyde. According to the Union for International Cancer Control TNM staging system, 70 and 90 patients were classified as stage I + II and stage III + IV, respectively. Pathologically, 41, 54, and 65 patients were classified as highly, moderately and poorly differentiated, respectively. Additionally, 92 and 68 patients with gastric cardia adenocarcinoma presented with or without lymph node metastasis, respectively. None of the patients received preoperative chemotherapy or radiotherapy. Prior to surgical treatment, two fasting peripheral venous blood samples were collected (2 mL each time). To one sample, anticoagulant was added and peripheral blood mononuclear cells (PBMC) were harvested. For the other sample, the serum was separated and preserved at -80°C. Fifty healthy subjects were used as controls, including 33 males and 17 females aged 28 to 72 (average 60.2 ± 7.7 years old).
Equipment and reagents
The following reagents, kits and equipment were used: RKIP rabbit monoclonal antibody (CapitalBio Corporation, Beijing, China); rabbit secondary antibody immunochemistry kit (Beijing Zhongshan Golden Bridge Biotechnology Co. Ltd., Beijing, China); human NF-κB p65 ELISA kit (Jingmei Biotech Co. Ltd., Beijing, China); Epics-XLII Flow Cytometer, monoclonal anti-CD3-PE antibody, monoclonal anti-CD4-FITC antibody, monoclonal anti-CD8-PE antibody, and monoclonal anti-CD25-FITC antibody (Coulter Corporation, Miami, FL, USA); and Foxp3-FITC monoclonal antibody (eBioscience, San Diego, CA, USA).
Detection of RKIP expression in gastric cardia adenocarcinoma tissues
The standard immunochemical streptavidin-peroxidase method was employed to detect expression of RKIP. Cancerous tissues and precancerous tissues were made into paraffin sections. After conventional dewaxing, the specimens were sealed in 3% H 2 O 2 in methanol and then subjected to microwave repair for 15 min. Primary antibody, biotinylated secondary antibody and horseradish peroxidase-labeled tertiary antibody were added successively, and color development was performed using 3,3′-diaminobenzidine (DAB) solution. The nuclei were counterstained with hematine, followed by conventional dehydration, transparentization, and sealing with neutral gum. For the negative control, PBS was added instead of primary antibody, with all other procedures being identical. The confirmed positive sections were used as the positive controls, where uniform brown granules in the cytoplasm after staining for RKIP was considered as positive. The sections were assessed independently by three experienced pathologists by referring to Fromowitz's scoring standard and the final result was based on the mean scores.
Detection of serum levels of NF-κB p65 and T-lymphocyte subsets
Serum levels of total NF-κB p65 and active NF-κB p65 were detected according to the manufacturer protocol for the ELISA kit. Prior to the detection of total NF-κB p65, 1 M hydrochloric acid treatment was performed. Using the harvested PBMC, the ratios between CD3+, CD4+, CD8+ and CD4+-CD25+-Foxp3+ circulating regulatory T cells (Treg) were detected by flow cytometry.
Statistical analysis
SPSS11.5 software was used for statistical analysis. Data are expressed as mean ± standard deviation, and inter-group comparisons were carried out using the t-test. Data where counting was performed are expressed as relative numbers. The relationship between two variables was measured by Spearman's rank correlation coefficient and correlation analysis, and P ≤ 0.05 was considered statistically significant.
RESULTS
RKIP expression in cancerous and precancerous tissues
Positive RKIP expression in cancerous and precancerous tissues was 38.7% (62/160 patients) and 52.5% (84/160 patients), respectively (P < 0.05). RKIP expression in cancerous tissues was independent of the patient's age, gender, TNM staging, and tumor differentiation degree (P > 0.05). Positive RKIP expression in those patients with or without lymph node metastasis was 24.4 and 53.1%, respectively (P < 0.05, t = 4.34).
Serum level of NF-κB p65
The serum level of total NF-κB p65 in the gastric cardia adenocarcinoma group was higher than the control group (P < 0.05). However, this did not correlate with positive or negative RKIP expression (P > 0.05). However, patients with lymph node metastasis had a higher level of total NF-κB p65 than patients without lymph node metastasis (P < 0.05). These results are summarized in Table 1. H. Wei et al. 
Serum levels of T-lymphocyte subsets
The CD3+ and CD4+ cell counts and CD4+/CD8+ ratios in the gastric cardia adenocarcinoma group were all lower than the control group, while the CD8+ and Treg cell counts were higher in the gastric cardia adenocarcinoma group than the control group (P < 0.05). The CD3+ and CD4+ cell counts and CD4+/CD8+ ratio in patients with lymph node metastasis were lower than in patients without lymph node metastasis, and CD8+ and Treg cell counts were higher in patients with or without lymph node metastasis compared to the control group (P <0.05). The CD4+ cell count and CD4+/CD8+ ratio were higher in patients with positive RKIP expression than those with negative RKIP expression, while CD8+ and Treg cell counts of patients with positive RKIP expression were lower than in patients with negative RKIP expression (P < 0.05). These results are summarized in Table 2 . Table 2 . Comparison of serum levels of T-lymphocyte subsets between groups (means ± SD).
Gastric cardia adenocarcinoma 53.4 ± 6.5 31.9 ± 5.6 36.1 ± 4.9 0.7 ± 0.1 7.0 ± 1.6 Without lymph node metastasis 67.0 ± 5.7 39.2 ± 4.9 28.5 ± 5.3 1.0 ± 0.2 5.7 ± 1.0 With lymph node metastasis 38.1 ± 4.8 25.1 ± 5.8 40.1 ± 5.9 0.4 ± 0.1 8.0 ± 1.8 Negative RKIP expression 52.6 ± 4.9 26.2 ± 6.1 39.6 ± 3.9 0.6 ± 0.1 7.7 ± 1.3 Positive RKIP expression 53.7 ± 5.6 37.1 ± 4.9 29.9 ± 4.8 0.9 ± 0.2 6.0 ± 0.9 Control 65.5 ± 5.5 43.6 ± 4.9 25.6 ± 6.1 1.4 ± 0.3 5.0 ± 0.6
DISCUSSION
Gastric cardia adenocarcinoma is now considered a distinct type of gastric cancer but is often diagnosed as esophageal cancer due to similar epidemiological and clinical manifestations. Progress in endoscopic screening and pathological diagnosis techniques have made it possible to establish gastric cardia adenocarcinoma as an independent disease. Widely distributed in human tissues, RKIP acts as a tumor suppressor (Fu et al., 2003; Schuierer et al., 2004; Hagan et al., 2005; Fu et al., 2006) , and adenocarcinoma cases with downregulation or deletion of the RKIP gene are predicted to have a poor prognosis. We found that the incidence of positive expression of RKIP in gastric cardia adenocarcinoma was significantly lower than in precancerous tissues, particularly in those patients with lymph node metastasis. This finding further implicates RKIP in the progression, invasion, and metastasis of gastric cardia adenocarcinoma (Wei et al., 2014) . In mammals, NF-κB binds specifically to promoter and enhancer sequences in a variety of cells. Through its regulatory action on many important cell factors, adhesion molecules, chemotactic factors, growth factors and immune receptors, NF-κB plays an active role in the immune response, inflammatory response and cell growth regulation (Karin and Greten, 2005) . NF-κB/Rel family members form NF-κB homo-and heterodimers. In mammals, the NF-κB/Rel family is comprised of NF-κB1 (p50/p105), NF-κB2 (p52/p100), Rel A (p65), Rel B, and c-Rel (Yeung et al., 2010) . Eves et al. (2006) found that inhibition of RKIP expression enhanced NF-κB-mediated transcription. Studies have shown that NF-κB p65 is expressed in a variety of tumor tissues, but its content in peripheral blood is rarely investigated. We found that the serum level of total NF-κB p65 in gastric cardia adenocarcinoma cases was significantly higher than control, and was also higher in patients with lymph node metastasis than in patients without lymph node metastasis. It can be inferred that the serum level of total NF-κB p65 is related to the occurrence, progression, invasion, and metastasis of gastric cardia adenocarcinoma. Moreover, the level of active NF-κB p65 inpatients with negative RKIP expression was only slightly lower than in patients with positive RKIP expression. The possible reason for this may be that NF-κB activation is controlled by various factors and the inhibitor protein of NF-κB (IXB) is a negative regulator of NF-κB p65 activation (Kearns et al., 2006) . Therefore, low expression of RKIP may only have a small effect on the activation of NF-κB p65, which is not manifested in peripheral blood.
Tumor immunity mainly occurs on the level of cellular immunity, with T-lymphocyte subsets playing a crucial role in anti-cancer surveillance. Exhibiting a regulatory effect on cellular immunity, NF-κB enhances the host defense function of macrophages and neutrophil granulocytes and participates in antigen presentation in dendritic cells and T cell activation. Inhibition of NF-κB activity and knockout of NF-κB-dependent genes can lead to host immune dysfunction and impaired virus clearance ability (Sadikot et al., 2006) . Animal experiments indicate that p50 (NF-κB1)-deficient mice not only present with a decline in virus clearance ability, but also an increased susceptibility to Streptococcus pneumoniae infection. Typically, the immune system maintains a relatively stable state with T-lymphocytes and Treg cells. Mouse antibodies classified as cluster of differentiation (CD) can recognize the antigenic determinant on the surface of T lymphocytes. CD3 is the surface marker of mature T cells, while CD4 and CD8 are the surface markers of T helper cells and cytotoxic T cells, respectively. A decline in CD3 cell count and abnormal CD4/CD8 ratios is usually indicative of impaired cellular immunity. As a surface marker of Treg cells, CD25, when highly expressed, has an inhibitory effect on innate immunity. Foxp3 is widely recognized as a marker of CD4+Treg cells. We found that CD3+ and CD4+ cell counts and CD4+/CD8+ ratios in gastric cardia adenocarcinoma cases were significantly lower thanin the control, while CD8+ and Treg cell counts of gastric cardia adenocarcinoma were higher than in the control. The variations in the antigens described above were also related to lymph node metastasis and RKIP expression. We infer that downregulation or deletion of the RKIP gene may affect the NF-κB-mediated positive feedback mechanism and lead to the activation of upstream regulators. This will cause the inhibition of NF-κB activity (Papa et al., 2004) and the decline of cellular immunity. Furthermore, extracellular lipopolysaccharides and tumor necrosis factor-α (TNF-α) can also inhibit NF-κB by stimulating the production of antiinflammatory cytokines such as interleukin-10 and -B.
In conclusion, RKIP expression is closely associated with the occurrence, progression, invasion, and metastasis of gastric cardia adenocarcinoma tumors. The possible mechanism for this is the inhibition of NF-κB activity and cellular immunity, which makes it possible for tumor cells to evade immune surveillance.
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